INTRODUCTION
Accurate determination of aluminium in biological materials has become of great importance, since this element is suspected to be implicated in the aetiology of various neurological disorders, such as Alzheimer senile and presenile dementia, amyotrophic lateral sclerosis and Parkinson dementia of Guam, as well as in dialysis encephalopathy. The increased mcidence of osteodystrophic lesions observed in dialysis patients has also been associated with One of the major problems encountered in aluminium assays is the control of contamination including all steps from sample collection and storage to the handling procedures preceding injection of the sample into the measuring device. A major source of aluminium is airborne, which means that a prerequisite for reliable determinations is that dust is effectively excluded (ref. 3) . This can be realized by working under an environmental hood with a laminar flow of class 100 air, where reagents and samples are prepared (ref. ii). Ideally, collection of samples should also be performed in a virtually dust-free environment. Ordinary glassware should not be used and any materials involved should be cleaned in acids or by EDTA-extraction (ref. 3) . Plastic materials like polycarbonate, polypropylene and Teflon or quartz are recommended, but all materials involved must be frequently screened to highlight possible sources of aluminium contamination (ref. 3) . In order to obtain low blanks, the use of purified acids (sub-boiling distillation) is necessary. It should be mentioned that commercially available nitric acid of suprapure quality is sold in glass bottles, which means that the aluminium concentration can be expected to increase with time. Additives such as anticoagulants tend to enhance the blank value, and hence deteriorate detection limits. The risk for contamination is also increased with the number of sample pretreathient steps like centrifugation or homogenization. In a digestion procedure following all precautions with respect to contamination, blanks of the order 0.001 .ig/g (brain tissue or blood) were obtained (refs. 2,16 ).
Approaches to trace aluminium analysis in biological tissues have, for the most part, involved the use of techniques which determine bulk levels. These methods include proton induced X-ray emission (PIXE), neutron activation analysis and atcinic emission-and atcinic absorption spectrometry. For localization of aluminium in, for example brain tissue, other methods have proved more efficient. A few recent studies have used the scanning electron microscope to detect aluminium deposits by energy dispersive X-ray analysis. In spite of the fact that this technique is not particularly sensitive, Smith et al. (ref. 5) were able to locate aluminium deposits within the glomerular basement membrane of humans. An alternative approach providing better sensitivity is the use of laser microprobe mass spectrometry. In this technique an intense laser beam is directed towards a specific organelle, and species vaporized from that region are then analyzed in a mass spectrometer. This technique has been used to localize aluminium in the lysozomes of Kupffer cells in liver tissue from patients on chronic hemodialysis. For speciation studies, NMR has proven to be a very promising technique (ref. 6).
Among the methods mentioned above for bulk aluminium determinations, X-ray fluorescence does not appear to be sensitive enough in its present state to detect the trace levels in, for example, serum (ref. 7) . Neutron activation analysis, on the other hand, has been used by several authors to determine the aluminium content of biological samples (refs. 8-10).
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Sodium and chloride ions,however, must be removed before irraflation of the samples otherwise they mask the aluminium peak during the counting procedure (ref. 8). The reagents and resins used to remove interfering ions usually contain significant amounts of aluminium, and thus the level of aluminium in the blank affects the detection limit (refs. 8, 11). Other difficulties include the short halflife of 28Al (2.27 mm) which is formed during the irradiation procedure, and the conversion of phosphorus and silicon to 28Al. The necessity of having access to a reactor also makes neutron activation analysis unsuitable for routine determinations.
Atomic emission spectrometry (AES) using inductively coupled plasma (1CP) has been successfully used for aluminium determination in biological materials (refs. 12-13). However, a major problem with using the argon-plasma technique is the intense and broad emission of calcium which increases the background and the detection limit for aluminium. In a recent paper (ref. 13) an improved background correction system made it possible to reach a detection limit of 3 ig L1 in serum. One drawback, however, with this technique is the relatively high cost and complexity of the instrumentation which will therefore exclude its use from many routine laboratories. Matusiewicz and Barnes (ref. 11) used an electrothermal vaporizer coupled to an ICP which gave a detection limit of 1. The greatest success achieved by any of the techniques used for the determination of aluminium in biological specimens, has been with graphite furnace atctnic absorption spectrometry (GFAAS). The reason why GFAAS has become the method of choice can be explained by the fact that it offers the best combination of sensitivity, simplicity and low cost.
The purpose of this paper is to make a compilation of reported results (normal values), as well as proposed procedures for the determination of aluminium in various types of biological materials using the GFAAS technique. Based on this material, some conclusions will be The values given in Table la, i.e. values equal to or larger than 10 ig L1, are regarded as unreliable in view of the fact that the vast majority of recently obtained values are much lower than 10 .ig L. The mean values for each group of subjects published later than 1977 are presented in Fig. 1 . As can be seen, there is a trend towards lower levels at least until 1980. As regards the lower reported values, the question arises as to which data represent the true aluminium contents of normal serum and whole blood, and whether the ) reported a mean value in whole blood of 7.5 ± 6.11 ig Al L1 in 113 normal individuals. These samples were taken and processed in hospital surroundings, taking the usual precautions. Additional experiments using blood samples collected from 11 young, healthy volunteers living in the same area and performed in a controlled class 100 atmosphere, gave a mean aluminium value of 1.6 ± 1.29 ig Al L (values not corrected for blank). These results emphasize the importance of a controlled environment for sample collection when normal values are to be established.
The major differences between the methods used by the authors listed in 
DETERMINATION OF ALUMINIUM IN BIOLOGICAL TISSUES
The determination of trace elements in biological tissues normally includes a mechanical homogenization procedure which reduces the amount of sample necessary to permit a representative analysis. If the homogeneity of the sample with respect to a certain element is sufficient, however, then the homogenization step can be excluded. Little is known about the sample amounts required to obtain representative samples for aluminium determinations, and no procedure for contamination-free homogenization has yet been published. As discussed above, tissue samples should be prepared in a dust-free environment, and uncontaminated tools like acid-washed quartz knives must be used. Although several methods of analysis for aluminium in serum, plasma and blood have been described, there are only a few procedures specifically concerned with its measurement in tissue. As can be seen in Table 2 
GFAAS-PROCEDURES
The purpose of the graphite tube atomizer in atomic absorption spectrometry is to produce an atomic vapour in the light path emanating from a monochromatic source of radiation. If the element of interest can be formed in a monoatomic state, light is absorbed in proportion to the total amount of the element in the light path. The duration of the signal is dependent on the physical dimensions of the atomizer, the heating characteristics and the gas environment. For aluminium, argon instead of nitrogen should be used for obtaining maximum sensitivity. The total length of an absorbance signal is in the order of 1 second. Unlike in flames, a steady state number of free atoms is never reached, therefore the measurement conditions must be rigorously kept constant to achieve reproducible results. Either the peak value or the integrated area of the entire absorption pulse can be used for evaluation of the atomized amount of the element. It should be mentioned that a prerequisite for obtaining a true representation of the absorbing species in the graphite tube as a function of time is that the read-out of the spectrometer is sufficiently fast. Obtaining undistorted signals is essential when reactions in graphite furnaces are investigated and for optimization of the analytical procedure. In most determinations, a three-step heating of the atomizer is used. When a sample is analyzed as a liquid, the solvent must be driven off smoothly in order to avoid violent boiling, where sample can quite simply sputter out of the tube. This step should not give rise to any problems, however, since the only requirement is to distill off the solvent at a suitable rate. When, on the other hand, organic liquids (serum or whole blood), have to be dried, some difficulties can occur if the surface tension of the liquid is high. The sample Determination of aluminium in biological materials by GFAAS 227 can form a bubble that splits quite firmly. Such problems can, however, be avoided if a 'wetting' agent like Triton X-100 is added to the sample in order to lower the surface tension.
The next step in the determination is to remove the matrix as completely as possible. The matrix can give rise to non-specific absorption and to interference effects in both the condensed (loss of analyte) and gas phases (formation of analyte molecules). Aluminium and aluminium oxides are relatively involatile, and therefore high temperatures can be used during thermal pretreatments in a graphite furnace. As a consequence of this, the major part of the biological matrix can be removed before atomization. Hence, problems caused by non-specific absorption are small. Nevertheless, for measurements close to the detection limit, even a small background may give rise to a large error if it is not correctly compensated.
Non-spectral interference effects in aluminium determinations may occur during both the pretreatment step, through losses of volatile aluminium compounds like trichloride (ref. Substantial improvements with respect to the analytical conditions for aluminium determinations on a routine basis have been realized through the introduction of pyrocoated, high density graphite tubes in combination with the L'vov platform technique and stabilizing agents, (ref. 62). Samples are placed on the platform, and since this is heated primarily by radiation from the tube wall, there is a time lag between the heating of the tube and the platform. Samples are therefore vaporized into an atmosphere of relatively high temperature more favourable for the dissociation of molecules. For that reason, gas phase interference effects are, in general, minimized when the platform technique is used. It should be emphasized that optimum platform conditions can normally only be reached by stabilizing the analyte, and by converting potential interfering sample constituents to more volatile conpounds, to be removed from the furnace during the thermal pretreatment. Furthermore, it is essential to heat the furnace rapidly to a preselected optimum temperature in order to achieve a sufficiently large temperature difference between tube and platform. This tnperature difference can be maximized by allowing the tube and hence platform to cool down before atomization.
Magnesium nitrate is recommended for stabilization of aluminium, but for biological materials dissolved in nitric acid, no stabilizer is normally added when using the platform technique, since these types of samples contain stabilizing species (ref. 15). Peak area evaluation is to be recommended, because the integrated signal often varies only slightly with the composition of the matrix, which means that standardization is greatly simplified.
Although calibration is feasible using aqueous solutions (ref. 13) or pooled serum samples (ref. 63) when following recommended procedures, the method of standard additions should still be used for verification, in view of the difficulties involved in controlling all factors which can influence the result, e.g. pretreatment temperature, the graphite surface, impurities in the sheath gas etc.
CONCLUSIONS
Few analytical methods are readily available for the determination of aluminium in biological materials at low levels. Therefore, there is a special need for standard reference materials with certified values. Unfortunately, none have been produced so far, probably because of the difficulties involved in finding suitable independent methods, as well as problems associated with the preparation of homogeneous, non-contaminated materials. For these reasons, the accuracy of control values reported in the literature is unknown. Future analytical research should thus be directed towards the development of alternative methods with sufficiently high sensitivity and selectivity. Furthermore, the conditions for contamination-free sample pretreatment procedures must be established. 
